Current guidelines specify that visit intervals with viral monitoring should not exceed 6 months for HIV patients. Yet, gaps in care exceeding 6 months are common. In an observational cohort using US patients, we examined the association between gap length and changes in viral load status and sought to determine the length of the gap at which significant increases in viral load occur. We identified patients with gaps in care greater than 6 months from 6399 patients from six US HIV clinics. Gap strata were >6 to <7, 7 to <8, 8 to <9, 9 to <12, and ‡12 months, with viral load measurements matched to the opening and closing dates for the gaps. We examined visit gap lengths in association with two viral load measurements: continuous (log 10 viral load at gap opening and closing) and dichotomous (whether patients initially suppressed but lost viral suppression by close of the care gap). Viral load increases were nonsignificant or modest when gap length was <9 months, corresponding to 10% or fewer patients who lost viral suppression. For gaps ‡12 months, there was a significant increase in viral load as well as a much larger loss of viral suppression (in 23% of patients). Detrimental effects on viral load after a care gap were greater in young patients, black patients, and those without private health insurance. On average, shorter gaps in care were not detrimental to patient viral load status. HIV primary care visit intervals of 6 to 9 months for select patients may be appropriate.
Introduction
E ntry into HIV care provides access to antiretroviral therapy (ART), and retention in care provides opportunity for clinical management and assistance to patients with achieving and sustaining suppressed viral load, which has both personal 1 and public health 2,3 benefits. Guidelines for clinical care of HIV patients recommend primary care visits every 3-4 months. 4 Patients who are clinically stable with sustained viral suppression may be able to extend the visit interval to 6 months, but intervals longer than 6 months for in-person care and viral load testing are not recommended. 4 Patients who go beyond a 6-month interval have generally been considered to have a ''gap'' in care. Cohort studies have shown that gaps in care range from 27% to 63% in patients with a new HIV diagnosis [5] [6] [7] [8] [9] and 24-35% in cohorts that contain a majority of established patients. [10] [11] [12] [13] [14] [15] [16] These studies defined gaps as 6 or more months as well as 12 or more months, used varying follow-up periods, and included completed and open-ended gaps. Altogether, these studies indicate the probability of experiencing a gap in care is substantial. However, it is an open question about just how harmful shorter gaps in care may be with respect to viral load status. The clinical significance of shorter gaps in particular must be carefully evaluated, because even though a patient may have visit intervals that extend beyond 6 months, the patient may be highly adherent to ART and have a suppressed viral load. Other patients with shorter gaps in care may not remain adherent, and their viral loads may increase during the gap.
Relatively little is known about how the length of the gap is associated with changes in viral load status. Our PubMed-NLM literature search identified 15 HIV cohort publications since January 2012 that specifically included measures of gaps in care of 6 months or more, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] but none assessed the relationship between gap length and changes in viral load over the gap interval. We examined this association and sought to determine the length of the gap at which significant increases in viral load occur. We identified patients who fell into one of five gap-interval strata ranging from a short gap (>6 but <7 months between primary care visits) to a long gap ( ‡12 months between visits). Using patient viral loads closest to the beginning and closest to the end of care gaps, we looked at two outcomes: changes in mean log 10 viral load from the beginning to the end of the gap for patients in each gap-interval and the proportion of patients in each gapinterval who began with a suppressed viral load, but who did not maintain suppression at the end of the gap.
Methods

Study participants and analysis design
HIV-infected adults receiving care at six academically affiliated HIV clinics in the United States were included in the analysis. The clinics were located in Birmingham, AL; Boston, MA; Houston, TX; Miami, FL; San Diego, CA; and Seattle, WA. Patients with no gaps in primary care, defined as two primary care visits with an interval £6 months between them, were excluded from analysis. However, results from intervals of 3-6 months are presented to illustrate change in ''normal'' intervals. In addition, patients with care gaps needed to have viral load results close in time to the dates of the two clinic visits comprising the opening and closing of the gap. We selected for analysis the first gap opening that occurred during the observation period defined for the cohort. Given the relatively short observation period, we did not include any subsequent gaps because of limited follow-up time to document the closing of the gap. Thus, we examined one gap per patient, and the gap length could range from just over 6 months to over a year. Patients with open-ended gaps and no return to the clinic were excluded from analysis.
The analytic cohort of patients with gaps in primary care (from the CDC/NIMH ''APTcare'' project) consisted of patients from the general HIV clinic population, regardless of prior clinic attendance history or viral load status. 20 The APTcare cohort observation period for patients with a qualifying gap interval was January 1, 2013 through December 31, 2015. The first patient care visit had to occur between January 1, 2013 and June 30, 2014. The second visit closing the care interval gap had to occur by December 31, 2015. Institutional Review Board approval was obtained at each participating site.
Patients in the cohort were identified by unique study numbers generated by a computerized algorithm at the clinics.
Outcome variables
Two viral load outcomes were examined: (1) a continuous measure of log 10 viral load at the opening and the closing of the gap and (2) a dichotomous measure, whether patients initially virally suppressed did not maintain suppression at the closing of the gap. Each measure used a window of -90 days for capturing the viral load result closest to the dates of the primary care visits that defined the opening and closing of the care gap.
Gap-interval strata and correlate variables
We examined five gap-interval strata: >6 to <7 months, 7 to <8 months, 8 to <9 months, 9 to <12 months, and 12 or more months. Several demographic variables (sex/orientation [women, men who have sex with men (MSM), and heterosexual men], age, race/ethnicity, recency of HIV diagnosis, and type of health insurance or assistance) were examined for inclusion in the statistical models. Patient-level ART prescription/use data were not available as a routinely collected variable in the clinics' databases. However, the clinics tracked aggregated ART use for other reporting requirements, and *90-95% of the clinics' populations had been prescribed ART during the observation period.
In addition to examining the five gap-interval strata, we identified patients without care gaps who had routine intervals of 3-6 months between primary care visits. In this, we selected the first instance of a nongap interval during observation. Some of these patients may also have had a gap later on and are included in one of the gap categories. We present these data for descriptive comparisons only.
Statistical analysis
For the continuous outcome, we used a paired-observations linear model with normal errors to calculate the unadjusted mean log 10 viral load at the opening and closing of care gaps and the difference between the means in each gap-interval strata. For descriptive purposes, we calculated the geometric means of the viral loads at the opening and closing of the gaps and the difference. Model-based mean differences (closing minus opening log 10 viral load) within each gap-interval strata were calculated from univariate least square means of the paired values. For patients with undetectable viral load, we used the value reflecting the limit of detection of the assay in calculating the means. To calculate the multivariable-adjusted differences, we used least square means from all the factors that met criteria for inclusion in the model ( p < 0.20), in addition to the gap-interval variable. Based on collinearity diagnostics, length of time since HIV diagnosis was removed from the model to improve stability and precision of model estimates. For the dichotomous outcome, we examined the proportion of patients in each gap-interval strata with suppressed viral load (<200 copies/mL) at gap opening and who did not maintain suppressed viral load at gap closing. We estimated adjusted risk ratios from all the factors that met criteria for inclusion in the model ( p < 0.20), in addition to the gapinterval variable. We used a multivariable Poisson model with robust standard errors for generating the model-adjusted risk ratios. 21 For selected demographic variables, we tested for differences in average days in gap with an omnibus likelihood ratio test, and least square means tests between subgroups. Statistical analyses were performed using SAS software version 9.3 (PROC GENMOD, SAS Institute, Cary, NC).
Results
A flowchart describing the steps in selecting the analytic cohort is presented in Fig. 1 . The cohort included 6399 patients who had viral loads within the -90-day windows; 83% of the viral loads were within -30 days of the opening and closing of the care gap. The patients in this cohort were overwhelmingly (91%) those diagnosed for more than 2 years, according to the length of time since HIV diagnosis variable.
As seen in Table 1 , the mean log 10 viral loads at the beginning of the gap interval increased as the length of that interval increased. The unadjusted changes in viral load by the end of the gap also exhibited a dose-response pattern; however, the changes in viral levels were significant only when the gap length was 9 to <12 months and ‡12 months. For 9 to <12 months gaps, the geometric mean was 98 copies at opening of gap and 137 copies at closing of gap, a difference of 39 copies/ mL on average; for 12 or more months, the geometric mean was 150 copies at opening and 259 copies at closing, a difference of 109 copies/mL on average. Adjusted results showed the same pattern-change in viral loads were significant only when the gap length was 9 to <12 months or ‡12 months. Unadjusted results indicated that all three age groups had a significantly higher end of gap viral load; in the adjusted result, the mid-aged (40-49 years) patients' change was significant. Patients with nonprivate health insurance had significantly higher end-of-gap viral loads in contrast to private health insurance, in both adjusted and unadjusted results. Non-Hispanic black patients had the highest log 10 viral loads at the beginning and end of gaps, and significant increases in log 10 viral load in both unadjusted and adjusted results.
In the dichotomous analysis ( Table 2 ) that conditioned on patients having been suppressed at the start of the gap, 5242 or 82% of the 6399 patients in the cohort had a viral load <200 copies/mL at the opening of the care gap. Length of gap in care showed a clear dose-response relationship, with increasing percentages of patients not maintaining their suppression as the gap length increased. Fewer patients became unsuppressed when the gap length was <12 months than ‡12 months. When the gap was ‡12 months, 23% of patients became unsuppressed. Black patients were significantly more likely than white patients to not maintain a suppressed viral load by the end of a care gap. The percentage who did not maintain suppression was higher among younger (18-39 years and 40-49 years) than older (50 years and older) patients, and among those who did not have private health insurance (vs. those who did). Also, fewer MSM than heterosexual men did not maintain suppression.
To explore further why these patient factors (age, health insurance, race/ethnicity) had distinct patterns of association with not maintaining a suppressed viral load after a gap in care, we evaluated in Table 3 the distribution of length of gap in care between and among levels of these three factors. This was done because if one of the factor subcategories had a significantly higher average gap length than others, that factor subcategory would be more likely not to maintain a suppressed viral load at the end of the gap in care. The agegroup variable revealed that relative to patients aged 50 and older, patients aged 18-39 had the longest gap, about twothirds of a month longer; and patients aged 40-49 years had average gaps about one-third of a month longer (both comparisons p < 0.01). In addition, patients aged 18-39 had the longest average gaps of all 13 factor levels in Table 2 . Relative to patients with private insurance, patients with nonprivate health insurance had average gaps about one-half month longer ( p < 0.01). Relative to non-Hispanic white patients, nonHispanic black patients had average gaps about one-half month longer, and Hispanic patients had average gaps about one-third of a month longer (both comparisons p < 0.01).
A group of patients with routine visit intervals of 3-6 months contained 11,186 patients. The results for this group were not compared with the five gap-interval groups, as many of the patients had routine visit intervals before or after a gap in care and are thus not independent. For these 11,186 patients, there was a mean difference of -0.099 (signifying small improvement) for the closing minus opening log 10 viral 
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load (least square means difference, p < 0.001). The dichotomous results indicated that 9276/11,186 (82.9%) were virally suppressed at the opening of the 3-to 6-month interval, and 5.2% of the 9276 failed to remain suppressed.
Discussion
Analysis of viral load changes in a cohort of patients from six clinics shows that gaps in HIV primary care of less than 9 months had little effect on viral load. In fact, viral load changes for these shorter gaps look a lot like the viral load changes during the time of routine care visits. Viral load significantly increased during the gap when the care gap reached 9 months. There was a small but significant increase (0.10 log increase; 98-137 copies/mL on average) in viral load for gaps 9 to <12 months. When the gap was ‡12 months, the increase in viral load was nearly twice as large (0.19 log increase; 109-259 copies/mL on average).
We observed a similar pattern of results when we focused on patients who had a suppressed viral load at the opening of the gap and examined how many of these patients did not maintain a suppressed viral load at the closing of the gap. Most virally suppressed patients with shorter gaps (90-95%) remained suppressed. The largest effect was seen when the care gap was 12 months or more: 23% of suppressed patients became unsuppressed. It appears that many of the patients with shorter gaps in primary care were continuing to adhere to their ART regimens and thus maintaining their suppressed status. Patients with longer gaps may not have been adhering as well, and part of the nonadherence may have stemmed from lack of availability of ART prescriptions for refilling medications given the long interval between primary care visits. A recent analysis of a large billing claims database found that the proportion of persons who filled a prescription each month, throughout the entire length of gaps of more than 6 months, significantly decreased as the gap length increased. 22 This finding suggests that longer gaps do contribute more failures to refill medications than shorter gaps.
We observed a number of disparities in outcomes that are consistent with the results of other research. More younger patients failed to maintain a suppressed viral load at the end of a gap, consistent with other adverse HIV care findings for young persons. 23 Non-Hispanic black patients had significantly higher log 10 viral loads than Hispanic and non-Hispanic white patients, as well as a higher rate of not maintaining a suppressed viral load during the gap than white patients. Previous research has shown that black patients have worse retention in care, 23 and that retention in care partially mediates the relationship between race/ethnicity and lower rates of virologic suppression. 24 Having health insurance/assistance that was not private (i.e., Medicaid, Medicare, Ryan White coverage, or no insurance) also was associated with adverse effects on viral load during a gap in care.
We also found that younger patients, non-Hispanic blacks, and publicly insured patients had longer gaps in care compared with older, white, and privately insured patients. These longer gaps may be contributing to deficiencies in ART adherence as these three subgroups have also been shown in previous studies to be independently associated with ART nonadherence. 25, 26 Younger patients, aged 18-39 in these data, had the longest average gaps in care and the highest percentage not maintaining a suppressed viral load after a gap in care; this subgroup of patients may benefit from more frequent viral load monitoring, as suggested recently by others. 27 The analysis has a number of potential limitations. Our findings are from six clinics and should not be generalized to the larger US population of patients in care. We only looked at the first completed gap among patients who had a gap during the observation period. Some patients had multiple gaps, but we do not believe that selecting the first gap during observation caused a systematic bias because patients' viral loads were not considered in selecting the gap, and it is reasonable to assume that viral load status was not artificially restricted by our method. For inclusion in the analysis, patients had to have a completed gap and a viral load within the window period of the opening and closing of the gap. We used a fairly wide window (-90 days) for selecting the closest viral load to balance two concerns: to obtain viral load results that were in close temporal proximity to the opening and closing of the gap without being so overly restrictive (in how close) that we would omit a lot of patients from the analysis. As mentioned in Results, only 17% of patients with a gap were excluded because they did not have viral loads within the window period. Given that our intent was to examine changes in viral load by length of a gap in primary care, we were not able to include patients who had ''open-ended'' gaps (more than 182 days had elapsed after their last visit by the time followup had ended). Some of these patients may have moved and were receiving care elsewhere, whereas other patients may have disengaged from care. One might expect stronger increases in viral load in disengaged patients than what was observed in this study among patients with completed gaps.
Our results are averages across large numbers of patients and do not represent viral load changes that may be observed for an individual patient. Our results should not be construed as suggesting anything about optimal spacing of clinic appointments for an individual patient. Our results do suggest, however, that for some patients, wider intervals between inperson clinic visits may not be detrimental to clinical status. This result is supported by the previous research showing that in cases where providers schedule visits at 3, 4, or 6 months intervals and care visits are attended, 6-month intervals are as safe as visits scheduled at shorter intervals. 28 Increasing viral load (starting at 9 months and doubling by the 12-month mark) may stem from refill difficulty and difficulty maintaining long-term adherence without the motivational boost that may come from a care visit and interaction with a provider.
Our results have an important implication for patient reengagement efforts. One approach is to begin reengagement activity when the interval exceeds 6 months between care visits. This is supported by data demonstrating that there is a decreasing probability of locating an out-of-care patient the longer they have been out of care. 29 Our results should not be viewed as suggesting that the reengagement process ought to be delayed, because it may take several weeks or longer to contact a patient. However, resources for reengagement must be taken into account, and decisions on whom to prioritize must take into account those resources. The resource issue was empirically verified in a recent report: even with the assistance of surveillance data to avert investigations of patients who had changed providers, moved, or died, fully twice as many reengagement case investigations (1600 cases) were required for a gap interval of 8 months as for a gap interval of 12 months (800 cases).
14 Assuming resource constraints, the patients who are out of care for 9 months or longer might be a higher priority. In the absence of resource constraints, patients with all gap lengths could be pursued with equal urgency. The trade-off is that patients out of care for a long time may be inherently more difficult to contact and reengage than patients who have been out of care just over 6 months. Our results do provide some comfort in that many patients with short (less than 9 month) gaps do not have appreciable spikes in viral load, and thus, if reengagement activity does not commence shortly after a 6-month gap, the patient's health status and transmission risk may not be overly concerning.
Long-term maintenance of viral suppression is important to achieving eventual elimination of HIV, and a recent report and editorial on the SEARCH intervention 30, 31 suggest that the United States faces the same challenges as sub-Saharan Africa. The World Health Organization and the International AIDS Society are moving to make finer distinctions among HIV patients in care (''differentiated care'') by coupling 12-month clinic visit intervals with greater use of community health workers for stable patients. 32, 33 The WHO strategy is an attempt to achieve higher levels of long-term VL suppression, the most difficult to attain the 90-90-90 goals. With safety-net HIV clinics in the United States being squeezed for resources from expanding patient populations and flat funding, new clinic strategies seem necessary, and a change to the visit interval for some patients ought to be considered as a 
